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(54) ^tascular stent for Uf uicaUons, sldebranches and osUal lesions and an application 
and method for implantation 



catheter 



(57) A dilatation catheter with a most distal 
guideyvire exit located distal to the dUatation means por- 
tion and at least one more proximally located wire exit 
said wire exit being located within the portton of the <fil- 
station means. 

The application also relates to a setf-expandable 
stent whose at least one end is in an oblique plane to 
the longHudinal axis of the stent and to a positioning 
wire whose distal tip has a pigtail configuration. 
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Description 



Vascular stent for bifurcations, sidebranches and 
ostial lesions and an application catheter and method 
tor implantation. 

Badcground: 

Stents are prostheses to support the lumen of hol- 
low organs, primarily to acutely maintain the lumen of 
blood vessels aftor mechanical interventions such as 
balloon angioplasty and to achieve a better long term 
result after such mechanical Interventions. While 
implantation of stents into straight vessel segments 
poses UtUe technical problems, implantation of stents 
into ostial lesions . sidebranches or into vessel bifurca- 
tions represents a challenge to the operator and carries 
increased risks of acute and longterm failure, in particu- 
lar due to misplacement or imprecise placement. 

In ostial lesions, the proximal end of the stent must 
be precisely placed at the ostium of the artery so that 
the stent is not protruding Into the aortic lumen. Also, in 
order to avoid the above risk, the stent may be 
advanced to far into the artery so that the initial segment 
of the diseased ostium remains imstented. 

A similar problem exists with stenting of side- 
branches and vessel bifurcations. For both situations, 
precision placement techniques are required for optimal 
results. However, the operator must rely on visual 
assessment during fluoroscopy with and without con- 
trast injections. Contrast injections are of little help for 
stenting in ostial lesions, since opacification of the tar- 
get artery is usually inadequate and identif icatfon of the 
aortic lumen and the ostial takeoff is very limited. In 
sidebranch and bifurcational lesions, precise placement 
is similarly difficult due to poor identification of the exact 
beginning of the sidebranch ostium and the often non- 
perpendicular nature of the plane of the sidebranch in 
relation to the axis of the major vessel. The beating 
heart makes maintaining of a catheter position with cur- 
rent teChnkiues even more dHficult if not impossible. 

The current invention offers a unique solution to the 
technical problems as described above. 

Description of the device and method: 

A balk)on catheter as used for vascular dilatation 
commonly has a balloon Inflation channel afong the 
whole length of the shaft of the balloon catheter up to 
the beginning or the midportion of the balloon, and a so 
called wire channel through which the angioplasty 
guidewire is being fed. The guidewire channel com- 
monly exits at the distal end of the balk)on catheter 
(very distal catheter tip). Depending on whether the 
guidewire channel is running through the whole length 
of the balloon catheter shaft and exiting proximally at 
the proximal end of the balloon catheter shaft or 
whetiier tifie gukiewire channel Is exiting via a side-exit 
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just proximal to the balloon, the balk)on catheters are 
termed over tiie wire or monorail balkx)n cathete s. 

In order to create a technique to assist to m( chani- 
cally self-position a balloon in an ostial. sklebranch or 

5 bifurcational lesion, the balloon must have a mecl \anical 
means to limit its advancement beyond a certair 
This is realized by an additional wire exit located 
ttie inflatable portion of the balloon catheter 
stenosis dilatation (wiUiin the distal and proximal 

10 ttie balloon catheter) or within tiie respective 
used tor stenosis dilatation or stent application 
ottier mechanical dilatation catheter or located 
portion of 6 mm lengtii beginning just proxinial 
functional segment of an application catheter tor 

15 pending stents or application of other therapeutijis 
extending pro9dmally.Such wire exit within ttie 
segemnt or as described above will be tenned 
distal wire exit** In any further desaiption 
The extra distal wire exit is the distal end of a wire i 

20 nel that may run through the whole length of ttie 

catheter shaft and exit proximally (over the wire fashion) 
or ttie distal end of a wire channel that is shorter 
ttie shaft of the cattieter and theretore exit from 
at any location proximal to ttie balloon segment 

25 functional segment as described above. Prefers mtially. 
ttie ttie proximal exit of ttie extra wire channel is 
ttie ttie distal half of the catheter so that monore lil 
dling of such extra wire channel and extra wire is 
ble. 

so ft may be a preferred embodiment, ttiat thb extra 
wire channel merges witti the over ttie wire gujdewire 
channel over a certain cfistance until the extra 
sideways or ttiat ttie extta wire channel merges 
monaail guidewire channel and use the same 

35 side exit as the monorail guidewire channel. 

Technique of use: If a nx)noraiI type balloon 
ter is used for bifurcational (or sidebranch) dilatation 
and stenting. first a guidewire is placed in ttie 
artery(8kJebranch); ttien the extra wire is placeci 

40 main artery. Then ttie balloon cattieter Is advanc xJ 
ttie guide wire ( placed in target lesion) wiich 
ttireaded ttvough ttie distal opening of ttie gufdewire 
channel at ttie baltoon catheter tip and over 
wire (main artery), which is ttireaded ttirough tti 

45 distal wire exit. The baltoon is then advanced l 
extra distal wire exit is reaching the bifurcation 
hibits any further advancement, one or mae 
paque markers make(s) ttie locatton of ttie extr^ 
wire exit visible to ttie operator. 

so This procedure pennits stable positioning of a 
cattieter wittiin a bffurcation. But. more importjantly. 
orients ttie extra distal wire exit automatically 
direction of theopening to ttie main artery, prohibiting 
any furttier rotation of ttie baltoon, which may 

55 stenlThereby. stents witti oblique ends may be 
into sidebranches. 

For stable baltoon placement in ostial leston^, 
ositioning of ttie extra wire is not necessary and 
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ily achievable. In these cases, the extra distal wire 
channef may be preloaded and the extra wire may be 
advance through the extra distal wire exit once the bal- 
loon is approachin the target ostium. For ostiat lesions, 
more than one extra distal virire channel may be helpful 
and the wires used need no steerability but rather a 
atraumatic cfistal configuration and floppy property, ag. 
mini-pigtail shape, superelastidty (e.g.nitinol). 

The brfurcational or sidebranch stent: 
the longitudinal axis of sidebranches are almost never 
perpendicular to the longitudinal axis of the vessel from 
which they are taldng off. Therefore current stent config- 
urations, which are comnrx)nly of cylindrical tubular 
shape with the aossect'onal plane of the ends of the 
stent being perpendicular to the longitudinal axis of the 
cylinder (stent). This configuration does not permit full 
stent coverage of the ostium of a sidebrance, as there is 
alwasy the risl< of protrusion of one edge of the end of 
the stent into the lumen of the main artery Stents with 
at least one oblique (oblong?) end are needed to better 
adapt to bifurcational anatomies, in particular the vessel 
takeoff angles. 

A stent is described, where one end of the stent cyl- 
inder is cut In a plane non perpendicular to the longitu- 
dinal axis of the stent. i.e. oblique, preferentially in an 
angle of 80 to 45 degrees to the longitudinal axis of the 
stent (or 10 to 45 degrees to the axis perpendicular to 
the longitudinal axis of the stent) 

This configuration i sdefined t)y a maximum and a 
mininuim length of a stent where the Mantelllnle of 
maximum length opposing the Mantellinie of n^imum 
length at 160^ 

Placement of such stent and use of the potential of 
such stent is only possible, if the stent carrying instru- 
ment,ag.balloon catheter, can be directed so that the 
long and short sides of the stent are placed con-ectly in 
the ostium. This can be achieved the seHbrienting 
catheter with an extra distal wire exit. The bHurcalional 
stent will be mounted on the balloon in such a manner, 
that the shortest portion of the oblique end is closest to 
the extra distal wire exit 

This desaiption is an example and does not Include 
by far any conceivable elements and techniques Incor- 
porated and related to this technique and this novel bal- 
loon and novel stent. 

Figures: 

Rgures: "BHurcatkmal Balloon and Stent Technique 



Fig. 1 A! Balloon or oth^ dilatation means of dalm 
1 

10 distal tip 

1 1 more proximaliy located wire exit for posi- 
tioning wire 

12 regular guide wire (monorail) 
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both wire channels "merge" and 
proximal exit - anrow 
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30 guidewire has through" lumen arkl 
proximal end of shaft (non- monorfiil 
cathetei) 

Sbfifitli 

Stent of Claim 1 on Balloon 
F1Q.2A 

40 Stent 

41 radioopaque marker 



Eig^ 

Oblique stent (common stent) 

50 longitudinal axis of stent 

51 axis of crossecttonal plane of 
(perpendicular to tongitudinal axis 



stsnt 



Fig,?C; 

Novel stent for side branches or bifurcation 

60 axis non-perpendicular to longitudinal axis 
of stent 

61 minimum ''Mantellinie" 

62 opposing ends of minimum 

63 maximum length 'Mantellinie" 

64 maximum "Mantellinie" 

65 longitudinal axis of stent 

Stent and Balloon in artery 

Fig.8A; 
Nomial stent 

70 warn artery 

71 lesion uncovered by stent 

Fig. 3B 

80 edge of one end protruding into n)ain artery 

81 lesion partially covered by stent 

Rg. 3C: 
Novel stent 

90 lesion covered and no protrusk>n |sf stent 
SbfifiLi: 

Figures 4 - Precisk>n placement of nov^l stent on 
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novel balloon catheters (dilatation catheter] 
FIQ.4A 

100 extra wire exit 

101 extra (more proximally located) Mft-S2dt 
facilitates positioning of balloon across 
bifurcation; stent is nnounted on distal half 
of balloon (distal to extra wire exit) 

Fig. 4B 

110 pigtail wire 

111 or normal wire 

112 short "Mantellinie" of stent 

1 13 marker(s) on shaft or balloon 

114 long "Mantellinie* 

115 oblique stent 

Fig.4C 

120 crossection 
Sbfifit& 

Stent configurations 
Fig. SA^ 

130 . sinusoidal rings (zig zag) 

131 stretched angles of end-segment non- 
exparvied 

1 40 Stretched angles of end-segment expanded 

150 closed loops non-expanded 

Fig-SBz 

160 dosed loops expanded 
Fig. SCj ^ 

170 ratcheting bands 

1 80 oblique end-ratcheting band 

181 expanded 
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A dilatation catheter (balloon or other dilatation 
means) with a most distal guidewire exit located 
distal to the inflatable balloon portion or other dila- 



tation means and at least one more pro 
located wire exit, said wire exit located wttXm the 
inflatable portion of tiie balloon or other fictional 
portion of any other dilatation means (w^/n i he dis- 
tal and proximal end of the inflatable balioon or 
other functional dilatation means). 

A tubular balloon or selfexpandable stent v ith the 
aossectionaJ plane of at least one end beirg non- 
perpendicular to the longitudnal axis of ttie tubular 
stent, so that tiiere is a Mantellinle of maximum 
lengtti and one Mantellinle of minimum lengtii 
which are opposing or nearly opposing eaci) other 
within 160 to 200^ 

A dilatation catheter of claim one in comdination 
with a stent of daim 2 used as bare or prem }unted 
stent, wherein the stent is mounted on the x)rtion 
of the balloon or other dilatation means whic^ i is cfis- 
tal to the more proximally located wire exit cf daim 
1. and wherein said stent of daim 2 is orier ted on 
the balloon or other dilatation means in such ei man- 
ner, that the extension of tiie longitudinal axi] » of the 
Mantellinie cf minimum length is pdnting to tiie 
more proximally located wire exit of daim 1 (or tfie 
continuation of the axis of the Mantellinie wii h mini- 
mum length is crossing the more proximally < ocated 
wire exit of claim 1 oder is on the same Mat )teilinie 
as the more peoximally located wire exit of \^nf^ 1 
odersoShnlich). 
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Dilatation catheter of claim 1, wherein the 
one more proximally located wire exit 
inflatable portion of tiie balloon is tiie distal 
wire channel {fluid connection with a wire cHpnnel) 
said wire channel having its proximal exit 
catheter shaft Uirough the proximal end or 
proxinfial second end of tiie cathetershaft. 
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Dilatation cattieter of claim 1. wher^n the 
one mofe proximally located wire exit within 
inflatable portion of the balloon is tiie distal 
wire channel, said wire channel having its 
exit from tiie shaft tiirough a sidehole 
selected distance from tiie proximal end 
inflatable portion of the balloon or tiie fur^ctional 
portion of any otiiet dilatation means. 
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Dilatation catheter of claim 4 or 5, wherein 
channel being in fluid connection with th^ 
proximally located wire exit within ttie inf latai|)le 
tion of the balloon / dilatation means is 
over a distance (or; «s in fluid connection) 
regular guide wire channel the distal exit 
is distal to the inflatable portion of tiie ballot>n/dila 
tation means. 
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7. A tubular stent of daim 2, said stent having 
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one oblique end. wherein in the expanded state the 
oblique end is formed by a drcumferentially extend* 
ing ring like band, said band having an axis of its 
crossectional plane that is non perpendicular to the 
longitudinal axis of the tubular stent 5 

8. Stent of daim 7. wherein the oblique end is formed 
by a sereis of dosed loop elements aligned drcum- 
ferentially to form a tubular segement, wherein at 
least two such such loops have different lenghts of 10 
their longitudinal axis. 

9. Stent of daim 7, wherein the oblique end is formed 
by sinusoidally bent (zig zig) wire lil^e material 
extending drcumfferentiatiy, both ends of said sinu- is 
soidal structure being dosed around a thought cyl- 
inder to form a tubular segment, whrein the 
crossectional plane of such tubular segment is non 
perpendicular to the longitudinal axis of the stent, 
and wherein the the sinusoidal configuration is 20 
being transformed upon expansion of the tubular 
segment into a essentioally ring like structure, 
wherein all angles in the drcumferential axis of the 
formeriy sinusoklal structure are between 140"and 
ISO*. 25 

10. A positioning wire for use In combination with bal- 
loon of daim 1 . wherein the distal tip of such wire is 
having a pigtail configuration of at least 1 full seo"" 
loop, and said wire having a distal segment of at 30 
least 5 cm of superelastic property (eg Nitinol) and 
radioopadty. 

11. Catheter of claim 1, wherein the more proximally 
located wire exit within the inflatable portfon of the ss 
balloon / functional portfon of aothet (filatation 
means is marked by at least one redioopaque 
mari«r element on the balloon or the dilatation 
means or on the catheter shaft. 
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□ 



Only part of ttia daimt havo baan paid wHhin t»ia pratoribad tima limit Tha praaant Europaan aaaroh 
raport hat baan drawn up for tha firat tan olaima and tor thoaa olaima tor whioh elalma toaa hava 
baan paid, namaly Glaini(«): 



No ctajma faaa hava baan paid within tha prasoibad tima Imlt Tlia praaant Europaan aaaroh raport hai 
baan drawn up for tha firat tan oialma. 



LACK OF UNITY OF INVENTION 
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raquiremante of unity of invantion and raiataa to aavaral invantiona or groupa of invanliona, namaly: 



see sheet B 



□ All furthar aaaroh f eea hava baan paid within tha fixad tima Hmit Tha praaant Eurpaan aaaroh raport ha i 
baan drawn up tor all daima. 



□ Only part of tha furthar aaarch faaa hava baan paid within lha fixad tima limit Tha praaant Europaan 
saaich raport haa baan drawn up for thoaa parte of tha Europaan patent applleation whioh ralata to tha 
invantiona in raapaet of whioh aaaroh faaa hava baan paid, namaly olaima: 



□ 



None of the further aaarch faaa hava baan paid within tha fixad tima limit The praaant Europaan aaard i 
report haa baan drawn up for thoaa parte of tha European patent appHoation whioh relate to the inventic in 
firat mentioned in the olaima. namely daima: 

1,4-6.11 
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The Searoh Division eoniidert that th« prvMnt European patent appGeation doaa not oomply with tha 
raqutramanta of unity of invention and ralataa to aeveral Inventiona or groups of inventiona, namely: 

1. Claims: 1.4-6.11 

A dilatation catheter. 

2. Claims: 2.3.7-9 

A tubular stent. 

3. Claim : 10 

A positioning wire. 
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